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(57) ABSTRACT

A system and method for automatic classification and detec-
tion of a payment gesture are disclosed. The method includes
obtaining a video stream from a camera placed above at least
one region of interest, the region of interest classifying the
payment gesture. A background image is generated from the
obtained video stream. Motion is estimated in at least two
consecutive frames from the video stream. A representation is
created from the background image and the estimated motion
occurring within the at least one region of interest. The pay-
ment gesture is detected based on the representation.
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1
HEURISTIC-BASED APPROACH FOR
AUTOMATIC PAYMENT GESTURE
CLASSIFICATION AND DETECTION

This application claims the priority benefit of U.S. provi-
sional application Ser. No. 61/694,650, filed Aug. 29, 2012,
the disclosure of which is incorporated herein by reference in
its entirety.

BACKGROUND

The exemplary embodiment relates generally to the detec-
tion of payment gestures in surveillance video and finds par-
ticular application in connection with a system and method
which allows for automatic classification and detection of
payment gestures in surveillance video.

Technological advancement and increased availability of
surveillance technology over the past few decades has
enabled companies to perform new tasks with surveillance
video. Generally, companies capture and store video footage
of retail settings for their own protection and for the security
and protection of employees and customers. However, this
video footage has uses beyond security and safety, such as its
potential for data-mining and estimating consumer behavior
and experience. Analysis of video footage may allow for
slight improvements in efficiency or customer experience,
which in the aggregate can have a large financial impact.
Many retailers provide services that are heavily data driven
and therefore have an interest in obtaining numerous cus-
tomer and store metrics, such as queue lengths, experience
time both in-store and for drive-through, specific order tim-
ing, order accuracy, and customer response.

Several corporations are patenting retail-setting applica-
tions for surveillance video beyond well-known security and
safety applications. U.S. Pat. No. 5,465,115, issued Nov. 7,
1995, entitled VIDEO TRAFFIC MONITOR FOR RETAIL
ESTABLISHMENTS AND THE LIKE, by Conrad et al.,
counts detected people and records the count according to the
direction of movement ofthe people. U.S. Pat. No. 5,953,055,
issued Sep. 14, 1999, entitled SYSTEM AND METHOD
FOR DETECTING AND ANALYZING A QUEUE, by
Huang et al., U.S. Pat. No. 5,581,625, issued Dec. 3, 1996,
entitled STERIO VISION SYSTEM FOR COUNTING
ITEMS IN A QUEUE, by Connel, and U.S. Pat. No. 6,195,
121, issued Feb. 27,2001, entitled SYSTEMAND METHOD
FOR DETECTING AND ANALYZING A QUEUE, by
Huang et. al, each disclose examples of monitoring queues.
U.S. Pat. No. 6,654,047, issued Nov. 25, 2003, entitled
METHOD OF AND DEVICE FOR ACQUIRING INFOR-
MATION ON A TRAFFIC LINE OF PERSONS, by Lizaka,
monitors groups of people within queues. U.S. Pat. No. 7,688,
349, issued Mar. 30, 2010, entitled METHOD OF DETECT-
ING AND TRACKING GROUPS OF PEOPLE, by Flickner
et al., monitors various behaviors within a reception setting.

While the above-mentioned patents describe data mining
applications related to video monitoring, none of them dis-
close the detection of payment gestures within a retail or
surveillance setting. Data driven retailers are showing
increased interest in process-related data from which perfor-
mance metrics can be extracted. One such performance met-
ric is a customer’s total experience time (TET) from which
guidelines to improve order efficiency and customer satisfac-
tion can be extracted. While prior art teaches how to estimate
important components of the TET estimate such as queue
length, no techniques have been disclosed on accurate esti-
mation of payment time, which is a key element in TET
measurement. Knowledge of additional information relevant
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to the payment process such as payment type (e.g. credit,
debit or cash) would also be useful in the analysis of TET
data. Therefore, there is a need for a system and method that
automatically detects and classifies payment gestures in sur-
veillance video.

In general, gesture recognition approaches have been
based on modeling human movement. Many approaches use
local image and video based approaches, as disclosed in
LEARNING REALISTIC HUMAN ACTIONS FROM
MOVIES, 1. Laptev et al. (CVPR 2008), and RECOGNIZ-
ING HUMAN ACTIONS: A Local SVM Approach (ICPR
2004), each of these references describing modeling of the
human shape during certain action. More recent approaches
have employed space-time feature detectors and descriptors,
as disclosed in EVALUATION OF LOCAL SPATIO-TEM-
PORAL FEATURES FOR ACTION RECOGNITION, by H.
Wang et al. (BMVC 2009). These gesture recognition based
approaches however have not been applied in the context of
surveillance video retail applications, from which payment
gestures could be detected.

A system and method for automatically detecting and clas-
sifying payment gestures in surveillance video is desired.
Successtul detection of payment gestures with a facile and
low computational cost algorithm may prove to be an effec-
tive measure in aiding recent efforts by retailers to encapsu-
late a customer’s experience through performance metrics.
The method may focus on algorithmic processing of a video
sequence to provide accurate detection of various payment
gestures at near real-time speeds.

BRIEF DESCRIPTION

In one aspect of the exemplary embodiment, a method for
automatic classification and detection of a payment gesture
includes obtaining a video stream from a camera capturing
video of at least one region of interest, the region of interest
associated with the payment gesture. A background image is
generated from the obtained video stream. Motion is esti-
mated in at least two consecutive frames from the video
stream. A representation is created from the background
image and the estimated motion occurring within the at least
one region of interest. The payment gesture is detected and
classified based on the representation.

In accordance with another aspect of the exemplary
embodiment, a computer program product includes tangible
media encoding instructions, which when executed by a com-
puter, perform a method. The method includes generating a
background image from a video stream, the video stream
capturing data from at least one region of interest classifying
a payment gesture. Motion is estimated from N consecutive
frames taken from the video stream. A representation is cre-
ated from the background image and the motion occurring
within the at least one region of interest. A payment gesture is
detected and classified based on the representation.

In accordance with another aspect of the exemplary
embodiment, a system for automatically classifying and
detecting a payment gesture includes a video capture unit
which streams video from above a region of interest, the
region of interest classifying a payment gesture. A video
processing module is provided for generating a background
image and estimating the motion contained in N consecutive
frames from the video steam, wherein the processing module
produces a representation based on the dynamic background
image and the motion within the region of interest. A detec-
tion module is provided for analyzing the representation and
determining whether the payment gesture has occurred. A
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computer processor implements the video capture unit, the
video processing module, and the detection module.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a photograph of a payment counter obtained from
an overhead surveillance camera. Overlaid on the payment
counter are regions of interest, each associated with a difter-
ent payment gesture;

FIG. 2 is a flowchart diagram illustrating a method for
automatic classification and detection of a payment gesture in
accordance with one aspect of the exemplary embodiment;
and

FIG. 3 is a collection of data from an example setup for
detecting cash left on a payment counter. Included is (a) an
example overhead frame with cash left on a payment table, (b)
a region of interest for classifying a cash left on table pay-
ment, and (c) a corresponding segmented binary image rep-
resentation.

FIG. 4 is a collection of data from an example setup for
detecting a cash object hand-off. Included is (a) an example
overhead frame with a cash hand-off payment, (b) a region of
interest for classifying a cash hand-off payment gesture, (c) a
corresponding diagram of the vertical component of the opti-
cal flow vector field, (d) a corresponding binarized flow dia-
gram, and (e) a corresponding 2-bin positive/negative histo-
gram for segmented motion.

FIG. 5 is a collection of data from an example setup for
detecting a credit card or debit card swipe. Included is (a) an
example overhead frame with a card swipe, (b) a region of
interest for classifying a credit card or debit card payment
gesture, (¢) a corresponding diagram of the vertical compo-
nent of the optical flow vector field, and (d) a corresponding
2-bin positive/negative histogram for segmented motion.

FIG. 6 is a collection of data from an example setup for
detecting a credit card or debit card button pressing. Included
is (a) an example overhead frame with a button pressing
event, (b) a region of interest for classifying a credit card or
debit card button pressing, (c) a corresponding diagram of'the
vertical component of the optical flow vector field, and (d) a
corresponding binarized flow diagram.

DETAILED DESCRIPTION

With reference to FIG. 1, a top-down view of a payment
counter 112 is shown with regions of interest 101, 102, 103,
104, indicated over the payment counter 112, each defining an
area where one or more payment gestures may be classified
and detected. Region of interest 101 is an area for monitoring
whether an object has been left behind at the payment counter
112. This may include a cash object, or any other form of
payment or commercial instrument, which is left behind on
the counter 112. Region of interest 102 is an area for moni-
toring whether a cash hand-off has occurred, e.g., the cus-
tomer hands cash directly to the cashier. Region of interest
103 is an area for monitoring whether buttons have been
pressed on a credit card machine. Depending on the number
of button presses detected in region of interest 103, either a
credit card or debit card payment will be detected. Region of
interest 104 is an area for monitoring whether a swiping
motion has occurred on the credit card machine. Successtul
detection indicates either a credit or debit card payment.

A video camera 110 (not shown in FIG. 1) is placed above
the payment counter (facing down) and records a video
stream within a field of view encompassing regions of interest
101, 102, 103, and 104. The video camera 110 may be web-
camera or any surveillance camera known to one having
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ordinary skill in the art. The video camera 110 records video
at a set resolution with a particular frame rate, e.g., standard
resolution 640x480 at 12 frames per second. Other resolu-
tions and frame rates as known by one having ordinary skill in
the art may be implemented to lower the cost of the overall
video surveillance setup, or to increase the accuracy of detec-
tion. However, if steps are taken to reduce the computational
expense of detection later on, increased resolution and/or
frame rate of the video stream may not provide much increase
in accuracy and may be unnecessary. Frame rates of roughly
12 frames per second are adequate to detect payment gestures
in the disclosed exemplary embodiments.

A processor (not shown in FIG. 1) continues to update a
background image estimate when no motion is detected over
the entire counter 112, or when no motion is detected within
a locally defined area of the counter 112. This continuous
updating of the background image when there is an absence of
motion effectively creates a dynamic background image. An
initial background image can be a captured frame of the scene
at an instant when no customers or cashiers are present. In
cases where these conditions are difficult to capture due to
high customer traffic, different segments of the background,
e.g. regions of interest 101,102, 103, 104, can be initialized at
different times when local absence of motion is detected
during a “motion estimation” stage.

Motion estimation over a predefined area may be per-
formed using a dense optical flow method. Dense optical flow
is a standard computer vision technique that tracks all pixels
between a pair of temporally consecutive frames. The motion
is represented as a matrix of vectors (u,v),. The Horn-Schunck
method may be used, however other optical flow methods
known to one having ordinary skill in the art may also be used,
such as the Lucas-Kanade and Black flow motion estimation
methods. Alternative methods for detecting and estimating
motion characteristics include motion detection followed by
object tracking and trajectory analysis. However, these alter-
native methods may be more computationally expensive.

The dynamic background image is updated based on the
characteristic of motion found around the counter 112 region.
For example, if the magnitude or length of the motion vectors
in region of interest 102 is smaller than a threshold for more
than a predetermined number of consecutive frames N, as
determined by Equation (1):

D vl < Tho Equation (1)

ROI2

then the background model is updated and set to the current
frame. In this case, Tz is the maximum amount of total
motion, for N frames. In one implementation of the algo-
rithm, N and Ty in Equation (1) may be N=5 and T;,=40.
The values for these parameters depend on the camera param-
eters as well as on the frame rate and resolution of the
acquired video.

For each frame in the video stream, a binary image I,,, is
generated that segments the background from the foreground
using a standard background subtraction technique, as illus-
trated by Equation (2):

1 I(x, )= BG(x, y) > Tsin Equation (2)
Ipinx, ) = { . }
0 otherwise
where [ is the current frame converted to grayscale, BG is the
current background image, and Tg,,, is a threshold between 0
and 255. In an exemplary embodiment of the algorithm,
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Tz, =25. This threshold will depend on the illumination and
contrast conditions of the scene, as well as on the color
response and dynamic range of the camera.

With reference to FIG. 2, a flowchart of a method for
automatically classifying and detecting a payment gesture is
indicated. The method is an algorithmic method that does not
require any special equipment except for a webcam or other
surveillance camera 110 that acquires a view of the payment
counter 112. The method operates in near real-time speeds.
The method begins at S210, and with additional reference to
FIG. 1, a video stream is obtained from the video camera 110,
that for example, faces downward upon regions of interest
101,102, 103, 104. Subsequently at S220, the video stream is
processed by extracting an initial background image frame, as
well as extracting the next sequential pair and/or consecutive
additional frames N for the purpose of estimating motion. A
frame from the video stream without a customer or cashier
present is extracted and used to initialize the background
image. Subsequent frames are extracted and processed to
estimate motion using an estimation technique such as optical
flow to obtain a motion vector for each or some subset of
pixels in the image pair. If no motion is detected in the
sequential pair of frames or a predefined number of consecu-
tive additional frames N as determined by Equation (1), the
background image is updated to reflect the most current
frame.

At 8230, background subtraction is performed to segment
a foreground image from the background image by Equation
(2). The output of this segmentation is a binary image, 1,
wherein pixel locations with values equal to 1 denote a fore-
ground image and pixel locations with values equal to O
denote a background image. The binary image is further
analyzed in distinct ways depending upon which region of
interest 101, 102, 103, 104 (and therefore which type of
payment gesture) is focused upon.

For detection of objects left behind on a payment counter
112, such as a cash payment, the binary image created within
region of interest 101 is analyzed at S240. At S240, image
blobs are generated from the binary image obtained at S230,
within region of interest 101, using connected component
analysis labeling. At S242, blobs are found with a pixel count
less than a threshold value. In particular, an aspect ratio of the
blobs and the total number of pixels in the foreground image
(that is, pixels with value equal to 1) are used to detect cash
payments and distinguish them from other objects. Blob
aspect ratio constraints and pixel constraints can be deter-
mined heuristically by calculations using average values
found from observed cash.

Each cash payment object detected at S242 is given a new
track ID at S244, unless it has significant overlap with a
previously detected payment object. In this case, a counter
associated with an existing track ID that matches it is incre-
mented. If at S246 the counter is greater than N, a cash
payment is detected and the corresponding region in the
binary image, 1, is cropped from 1,,,. I, is then com-
pared with the same location in all future frames of the video
stream until it is removed. To detect when the cash is
removed, a binary image is created by Equation (2), for the
1,5 region. If more than a threshold number of pixels, Tx.,..,
within binary image region I, are 1, then the cash has been
removed. In the exemplary embodiment, N, and T,,, may
be equal to 3 and 30%, respectively. These parameters will
depend on the camera resolution and geometric setup, as well
as on its frame rate.

While cash payment detection as described above is per-
formed on binary images for the benefit of computational
efficiency, other implementations that perform grayscale or
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6

color image analysis (e.g. texture and color analysis) may
alternatively be used. Significant gains in computational effi-
ciency can be achieved by processing the locations of the
captured video frame indexed by the binary image only.

For detecting whether an object hand-offhas occurred over
the payment counter 112, e.g., a cash-payment handoff, a
binary image created within region of interest 102 and ana-
lyzed at S250. Similar to S240-S246, connected component
analysis is used to label blobs generated from a binary image
produced by Equation (2). However, unlike S240-246, optical
flow data analysis is also required for activity recognition
when detecting an object hand-oft, and for credit/debit pay-
ment detection later described at S260-S274.

At S252, vertical flow is measured within region of interest
102. The vertical component of the optical flow vector field is
also binarized into a vertical flow binary image. At S254, a
2-bin positive/negative vertical motion histogram is calcu-
lated for the segmented motion represented by the binarized
image. Each frame for the vertical motion v within the region
of interest 102 is included in the calculation. At S256, blobs
are identified in the binary image with a height greater than a
predefined threshold percent, H, of the height of region of
interest 102, e.g., 90%. If a blob has both a height greater than
a predefined threshold percent, H, of the height of region of
interest 102 (S256), and a bimodal vertical motion of magni-
tude T,,,, which is greater than a defined threshold T, a
cash hand-off payment is detected. In the exemplary embodi-
ment, H, T, and T, , may be equal to 90%, 0.2, and 100,
respectively. These parameters may vary depending on the
geometric setup of the camera, as well as on the spatial
resolution of the video.

For detection of object hand-offs which are not cash, dif-
ferentT,,, andT,, ., thresholds may be defined which match
the vertical motion profile (positive/negative) of the object to
be identified within region of interest 102 (S252-S256). Fur-
thermore, the defined threshold percent, H, of the height of
region of interest 102 in step 252 may also be altered to reflect
the physical characteristics of the item to be handed oft within
region of interest 102, e.g. lowered H threshold due to the
smaller size of a business card relative to cash. For detecting
whether a debit or credit card has been swiped in a credit card
machine, a binary image created within region of interest 104
by Equation (2) is analyzed at S260. At S262, a two-bin
histogram (positive/negative) is calculated for each frame for
which vertical motion occurs within region of interest 104.
Two thresholds of vertical motion, T, and T_,, are used to
determine when a swipe occurs. The first threshold, T __,, is
used to ensure that vertical motion in the downward direction
is large enough, and the second threshold, T __,, is used to
ensure that vertical motion in the upward direction is mini-
mal. When a swipe is detected, a CC_FLAG is setto 1, which
then allows the credit card machine button region of interest
103 to be analyzed at S270. In the exemplary embodiment,
T,., and T__, may be equal to 40 and 20, respectively. These
thresholds will vary depending on the frame rate and resolu-
tion of the video, as well as on the geometric setup of the
camera.

At S270, the binary image created within region of interest
103 by Equation (2) is analyzed. To avoid needless computa-
tion when detection is unlikely under the circumstances, S270
is executable only if the CC_FLAG is set to 1. Therefore,
S270 cannot be performed if the CC_FLAG equals 0. At
S272, motion (e.g., button pressing) on the credit card button
panel region of interest 103 is detected if more than T,
pixels are equal to 1 on a generated binary image. For each
button press event detected, a counter num_button is incre-
mented. When no button pressing has been detected for at
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least N frames, num_button is used to determine if it was a
credit card payment or debit card payment. If
num_button>Ng, then at S274 a debit card payment is
detected. If num_button<Ng, a credit card payment is
detected. Credit card payments generally involve fewer but-
ton press events than debit card payments, which require the
entry of a debit card authorization code.

While S252-S274 propose the use of optical flow data
analysis for activity recognition, other motion analysis tech-
niques such as object tracking followed by trajectory analysis
can alternatively be used for increased accuracy of payment
gesture recognition. However, these alternatives may be more
computationally expensive.

In another aspect of the exemplary method, a computer
program product is used to perform a method of payment
gesture classification and detection. The computer program
productincludes tangible media encoding instructions, which
may be executed by a computer to perform the method. The
method includes generating a background image from a video
stream, the video stream capturing data from at least one
region of interest classifying a payment gesture, estimating
the motion contained in N consecutive frames taken from the
video stream, creating a representation from the background
image and the motion occurring within the at least one region
of interest, and detecting the payment gesture based on the
representation.

In yet another aspect of the exemplary method, a system for
automatically classifying and detecting a payment gesture
includes a video capture unit which streams video from a
region of interest, the region of interest classifying a payment
gesture. A video processing module is provided for generat-
ing a background image and estimating the motion contained
in N consecutive frames from the video steam, wherein the
processing module produces a representation based on the
dynamic background image and the motion within the region
of interest. A detection module is provided for analyzing the
representation and determining whether the payment gesture
has occurred. A computer processor implements the video
capture unit, the video processing module, and the detection
module.

The following examples are for purposes of further illus-
trating the present disclosure. The examples are merely illus-
trative and are not intended to limit processes or devices made
in accordance with the disclosure to the materials, conditions,
or process parameters set forth therein.

Example 1

With reference to FIG. 3, an exemplary setup for the auto-
matic classification and detection of a cash object which has
been left behind on a payment counter 112 is demonstrated.
An example frame containing cash left on the payment
counter 112 has been captured by an overhead surveillance
camera in FIG. 3(a). Region of Interest 101 is shown in FIG.
3(b), with a corresponding background segmented binary
image shown in FI1G. 3(c¢). The binary image was generated by
the background subtraction technique described in Equation
(1). In order to detect cash that has been left on the payment
table 112, image blobs have been generated from the binary
image within the region of interest 101, using connected
component analysis labeling. Blob aspect ratio and the total
number of foreground pixels, which are heuristically deter-
mined constraints, were used to distinguish cash payments
from other objects. Each cash payment object detected to
have been left behind was given a new track 1D, unless it has
significant overlap with a previously detected payment
object.
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In this exemplary setup shown in FIG. 3, a cash payment
left on the payment counter 112 was successfully classified
and detected. The cash payment counter, which is incre-
mented when new track IDs are assigned, above threshold

N_ % Inexemplary setup described above in FIG. 3,N_, ,=3.
Example 2
With reference to FIG. 4, an exemplary setup for the auto-

matic classification and detection of a cash payment hand-off
is demonstrated. A cash payment hand-off refers to when the
customer directly hands the cash to the cashier, or vice-versa.
An example frame containing a cash hand-off between cus-
tomer and cashier has been captured by an overhead surveil-
lance camera in FIG. 4(a). Region of interest 102 is shown in
FIG. 4(b), with a corresponding vertical flow diagram shown
in FIG. 4(c). The cash hand-off gesture, unlike the cash left-
behind gesture example shown in FIG. 3, requires analyzing
the optical flow within the region of interest 102 to estimate
activity or motion. The motion (uv) within region of interest
102 is binarized via thresholding operations on the lengths of
the motion vectors to form the corresponding binarized flow
diagram, Fz,,,, shown in FIG. 4(d). Connected component
analysis was then used to label blobs in the binary image F, .
When ablob is found that has a height greater than 90% of'the
height of region of interest 102, a two-bin (positive, negative)
histogram of the vertical motion found for the pixels con-
tained in the blob is created and analyzed. The corresponding
two-bin histogram is shown in FIG. 4(e). If the values of both
bins, with magnitude represented by T,,,, are greater than
T,,una» then a cash hand-off payment is detected. In the exem-
plary setup described above in FIG. 4, T,,=0.2 and
T/=100.

Example 3

With reference to FIG. 5, an exemplary setup for the auto-
matic classification and detection of a credit card or debit card
swipe is demonstrated. An example frame containing a debit
card swipe has been captured by an overhead surveillance
camera in FIG. 5(a). Region of interest 104 is shown in FIG.
5(b). The vertical motion in region of interest 104 is used to
determine when a credit or debit card swipe has occurred.
This vertical motion is shown as a vertical flow diagram in
FIG. 5(c), and a corresponding two-bin histogram (positive,
negative) calculated for each frame of vertical motion v
within region of interest 104 is shown in FIG. 5(d). Two
thresholds were used to determine when a swipe occurs. The
first threshold, T,.,;, was used to ensure that the vertical
motion in the downward direction is large enough. The sec-
ond threshold, T__,, was used to ensure that the upward
motion is minimal. If the number of downward motion vec-
tors as indicated by the 2-bin histogram is larger than T
and the number of upward motion vectors is smallerthan T,
then a swipe is detected. In the exemplary embodiment,
T,..,=40andT__,=20. When a swipe is detected, a CC_FLAG
is set to 1. This allows for the credit card machine button
region of interest 103 to be analyzed, as shown in Example 4
below.

ccls

Example 4

With reference to FIG. 6, an exemplary setup for the auto-
matic classification and detection of a credit card or debit card
payment through button press events is demonstrated. An
example frame containing a credit card machine number pad,
and a customer pressing the pad, has been captured by an
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overhead surveillance camera in FIG. 6(a). Region of interest
103 is shown in FIG. 6(b). The vertical flow contained in
region of interest 103 is shown as a vertical flow diagram in
FIG. 6(c), with a corresponding binarized flow diagram, F, .,
shown in FIG. 6(d). Since the CC_FLAG in this example is
currently set to 1, motion has been binarized to obtain F,,,,.

If more than T__; pixels are 1, then motion is detected
therefore button pressing has been detected. For each button
press event detected, a counter num_button is incremented.
When no button pressing has been detected for at least N
frames, num_button is used to determine if'it was a credit card
payment or debit card payment. If num_button>Ny, then a
debit card payment was detected. Otherwise, it is a credit card
payment. In the exemplary example shown in FIG. 6,
Tui0n—=50, N =100, and N 10. Since T,,,,,,,,> Nz, a debit
card payment has been detected.

Example 5

The results provided in TABLE 1 reflect a dataset consist-
ing of 33 test sequences. During each test sequence, a single
payment gesture was shown.

TABLE 1
Cash-hand ~ Cash-table Credit Debit
Cash-hand 14 1
Cash-table 2
Credit 3 1
Debit 2 5
Total Detected: 14 3 5 6
Total Gestures: 17 3 6 7

Each sequence indicated above involved an overhead view
of a customer purchasing a food item at a payment counter.
Overall, 29 out of 33 payments were detected. For the cash-
hand gesture, e.g. customer hands the cash to cashier, 14 out
of 17 were correctly classified, while three cash-hand ges-
tures were missed. For the cash-table payment gesture, e.g.
customer leaves cash on the payment counter, 2 out of 3 of
these gestures were correctly classified, while one was incor-
rectly identified as a cash-hand gesture. For the credit card
payment gesture, 3 out of 6 were correctly classified, while 2
were incorrectly identified as debit payment and one was
missed. For the debit payment gesture, 5 out of 7 were cor-
rectly identified, while one was incorrectly identified as a
credit card payment, and one was missed.

Accuracy of the system and method for automatic payment
gesture classification and detection may be improved by
replacing the binary images and two-bin histograms shown in
Examples 1-4 with greater resolution images, e.g. grayscale
or color at higher resolution and motion histograms with
larger numbers of bins. However, with this increased accu-
racy will also come additional computational expense. Binary
images were used in Examples 1-4 to provide a computation-
ally efficient algorithm that could be easily adopted in retail
settings, and which could provide a fairly reliable classifica-
tion and detection rate of payment gestures.

It will be appreciated that variants of the above-disclosed
and other features and functions, or alternatives thereof, may
be combined into many other different systems or applica-
tions. Various presently unforeseen or unanticipated alterna-
tives, modifications, variations or improvements therein may
be subsequently made by those skilled in the art which are
also intended to be encompassed by the following claims.
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What is claimed is:

1. A method for automatic classification and detection of a
payment gesture, comprising:

obtaining a video stream from a camera capturing video

from at least one region of interest, the region of interest
associated with the type of payment gesture;

detecting motion within the at least one region of interest;

creating a representation of the motion occurring within

the at least one region of interest; and

detecting the payment gesture based on the representation.

2. The method of claim 1, wherein the detecting motion
within the at least one region of interest is achieved by one of
temporal frame differencing, background estimation and sub-
traction, optical flow, and frame differencing.

3. The method of claim 2, wherein the background estima-
tion includes regenerating the background image when the
motion contained in the at least two consecutive frames from
the video stream is less than a threshold value, T.

4. The method of claim 2, wherein the optical flow tech-
nique is implemented through at least one of the Horn-
Schunck, Lucas-Kanade, and Black flow method.

5. The method of claim 1, wherein the at least one region of
interest is associated with one of an object hand-off, cash
payment object left behind, debit card payment, and credit
card payment gesture.

6. The method of claim 1, wherein the representation is one
of'a binary image, a histogram of motion vectors, and a set of
spatio-temporal coordinates representing the trajectory of an
object in motion.

7. The method of claim 6, wherein the representation
includes a two-bin histogram indicating vertical motion, and
the detecting the payment gesture based on the representation
further includes determining whether the length of the verti-
cal motion vectors is larger than a maximum threshold, T, . .

8. The method of claim 1, wherein the detecting the pay-
ment gesture based on the representation further includes
determining whether the magnitude of the vertical motion is
greater than a downward threshold, T__;.

9. The method of claim 8, wherein the detecting the pay-
ment gesture based on the representation further includes
determining whether the magnitude of the vertical motion is
greater than an upward threshold, T,__,.

10. The method of claim 1, wherein the at least one region
of interest is associated with a credit card payment gesture
and encompasses a swipe portion of a credit card machine.

11. The method of claim 10, further including setting a flag
equal to 1 after detection of the credit card payment gesture,
the flag allowing for detection of the at least one payment
gesture within a different region of interest.

12. The method of claim 1, wherein the at least one region
ofinterest is associated with a cash hand-off payment gesture
and encompasses a payment counter.

13. The method of claim 12, wherein the representation
includes a binary image and the detecting the payment ges-
ture further includes determining whether a blob from the
binary image has a height greater than a threshold, H.

14. The method of claim 12, wherein the threshold, H, is
defined by the height of the at least one region of interest.

15. The method of claim 1, wherein the at least one region
ofinterest classifies a debit card payment gesture and encom-
passes a number pad portion of a credit card machine.

16. The method of claim 15, wherein the representation
includes a binary image and the detecting the payment ges-
ture further includes determining whether a button pressing
event has occurred.
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17. The method of claim 16, wherein the detecting the
payment gesture further includes a counter, num_button, the
counter incremented for each button pressing event which has
occurred.

18. The method of claim 17, wherein the detecting further
includes determining whether the counter, num_button, is
greater than a threshold value, N.

19. The method of claim 15, wherein the button pressing
event has occurred if more than a threshold, T__,, number of
pixels in the binary image are equal to 1.

20. A computer program product comprising non-transi-
tory tangible media encoding instructions, which when
executed by a computer, perform a method comprising:

cc3s

generating a background image from a video stream, the
video stream capturing data from at least one region of
interest classifying a payment gesture;
estimating the motion contained in N consecutive frames
taken from the video stream;
creating a representation from the motion occurring within
the at least one region of interest; and
detecting the payment gesture based on the representation.
21. The method of claim 20, wherein the representation is
a binary image.
22. The method of claim 20, wherein the representation is
at least one of a grayscale and color image.
23. The method of claim 20, wherein the representation is
a two-bin histogram indicating vertical motion.
24. The method of claim 20, wherein the estimating the
motion contained in N consecutive frames taken from the
video stream is performed by optical flow.
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25. The method of claim 20, wherein the estimating the
motion contained in N consecutive frames taken from the
video stream is performed by object tracking and trajectory
analysis.

26. A system for automatically classifying and detecting a
payment gesture, comprising:

a video capture unit which streams video from above a
region of interest, the region of interest classifying a
payment gesture;

a video processing module for generating a background
image and estimating the motion contained in N con-
secutive frames from the video steam, wherein the pro-
cessing module produces a representation based on the
dynamic background image and the motion within the
region of interest;

a detection module for analyzing the representation and
determining whether the payment gesture has occurred;
and

a computer processor which implements the video capture
unit, the video processing module, and the detection
module.

27. The system according to claim 26, wherein the video
processing module generates a dynamic background image
that is updated with a current frame of the video stream when
the motion contained in the region of interest is less than a
threshold value for N consecutive frames.

28. The system according to claim 26, wherein the detec-
tion module determines whether vertical motion indicated by
the representation is above a threshold value.

29. The system according to claim 26, wherein the detec-
tion module performs connected component analysis to label
a plurality of blobs contained in the representation.
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